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3 Generation oscillations
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To go to the heart of the 3 generation picture must 
have experiment with L/E that includes effects from 
both mass differences.



• 28 GeV protons. 1 MW beam power. Horn focussed

• 500 kT water Cherenkov detector.  

• baseline > 2500 km.  WIPP, Henderson, Homestake

 

2540 km

Homestake BNL



Working group chronology

• December, 2001: Tom Kirk gave us a charge to form a  
working group.

• ~50 Members from Physics department, CAD, and outside 
universities. 

•  Coordinators:  W. Marciano (physics), 
M.Diwan(simulations), W. Weng(accelerator upgrade)

• BNL HENP PAC (2002) 

• Internal AGS review (June 2004)

• HEPAP facilities plan(2003),  Absolutely central.

• APS neutrino study (2004)

• NESS workshop(Sep 2002),  DUSEL S1 and S2 workshops,  
3 BNL/UCLA workshops(Dec 2003, May 2004, Feb 2005) 



Working group written material

We are after the science and facilities absolutely central to the US HEP 
program: Neutrino super beam and a large capable underground detector.



Sent to DOE Oct 2004
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Status of technical progress on AGS

• New design for LINAC could bring us to 1.5 MW

• Experimental work on carbon-carbon target irradiation yielding 
results.







Status of physics work

• Have examined physics reach with anti-
neutrino running. 

• Have examined more detailed issues 
regarding baseline. Optimization based on 
physics judgement.  But longer baseline => 
better science.  

• GREAT PROGRESS ON DETECTOR 
BACKGROUNDS !



CP resolution
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More than 10 sigma resolution of mass hierarchy 
after anti-neutrino running and excellent resolution 
on delta-CP.



Detector
• 500 kT fiducial mass for both proton decay and 

neutrino astro-physics and neutrino beam physics.

• ~10% energy resolution on quasielastic events.

• muon/electron separation at <1%

• 1,2,3 track event separation.

• Showering NC event rejection at factor of ~20.

• Low threshold (~5 MeV) for solar and supernova 
physics.

• Time resolution ~few ns for pattern recognition and 
background rejection. 



Complete water Cherenkov detector simulations progress
 νe CC for signal ; all νµ,τ,e NC , νe beam for background

NC backg. 1878

νe background

Signal 700

127 

Select single ring events and 
select electrons
Signal/backg = 700/2005

Perform analysis of single 
electron pattern, cut likelihood 
retaining ~50% of signal.
Signal/back = 321/169

Reconstructed energy MeV Reconstructed energy MeV

 Δm2
21 =7.3 x 10- 5 eV2, Δm2

31=2.5 x 10- 3eV2  sin22θij(12,23,13)=0.86/1.0/0.04, δCP=+45,+135,-45,-135o

CP 45 CP 45

NC backg. 112 

νe background

Signal 321

57



No magic. Performance is obtained by giving up large fraction of 
potential signal CC events; and using the kinematics of NC events. 

Chiaki Yanagisawa



T. Kirk/M. Diwan
April 22 , 2005

Scientific Reach of Future Neutrino Oscillations Exps.
      Parameter          T2K      T2HK        Reactor       No!a     No!a2        VLBNO   .

"m32
2              !           !                  -                  !      !        !

sin2(2#23) 
             !           !                  -                  !      !        !

sin2(2#13) 
a          !           !                 !                 !      !        !

"m21
2 sin(2#12) 

b           -           -                   -                  -             -               12%

sign of ("m32
2) c        Nova       -                   -               T2K  T2K             yes

measure $CP 
d           -        Nova               -                  -          T2HK       ±13°

N-decay improv.           x1        x20               -                  -             -               x10

Detector (KTons)           50      1000             20               30           30              400

Beam Power (MW)      0.74        4.0          14000         0.65          2.0               1.5

Baseline (km)         295 e     295 e            1              810 e       810 e       >2500

Detector Cost ($M)     exists    ~$$$            20              165       + ???               $$

Beam Cost ($M)        exists        $$           exists             $           $$$             400

a detection of !µ % !e , upper limit on or determination of sin2(2#13)
b detection of !µ % !e appearance, even if sin2(2#13) = 0; determine #23 angle ambiguity
c detection of the matter enhancement effect over the entire $CP angle range
d measure the CP-violation phase $CP in the lepton sector; No!a2 depends on T2HK
e beam is ‘off-axis’ from 0-degree target direction

Combined

measurement





Wanted

• Resources to lower costs of the AGS 
upgrade and super neutrino beam. 

• Must push 1 MW target studies to 
completion.

• Resources to push water Cherenkov 
simulations as well as start detector R&D.

• University groups need to consider this part 
of the their future. 



Conclusions
• Powerful new method for neutrino CP violation 

study.   Absolutely central part of the HEP facilities 
plan and the APS neutrino study plan.

• We have made great progress on many technical 
issues.

• Important work performed on detector 
background issue.

• Need patience, encouragement, and resources to 
make a proposal.

• EXPECT A DETECTOR R&D PROPOSAL SOON. 


